To determine the epidemiological, clinical and pathological factors that can potentially predict extracapsular extension of prostate cancer in patients undergoing radical prostatectomy for clinically localized disease. We retrospectively analyzed the medical records of patients who undergone radical prostatectomy from
Introduction
The introduction of prostate-specific antigen (PSA) and other circulating biomarkers in addition to transrectal ultrasound has revolutionized prostate cancer (PCa) screening. These factors have resulted in early detection and increased incidence of the disease (Bensalah et al., 2008) . Radical prostatectomy is the gold standard for the treatment of clinical localized PCa. However, histopathological examination of the surgical specimen not rarely reveals, that the disease extends outside of the prostatic capsule border. Extracapsular extension is classified as T3a disease, based on 2009 TNM (tumor, node and metastasis) classification and represents a negative pathological factor. These patients have an increased risk for local or systemic disease recurrence and biochemical failure (Lu-Yao et al., 1996) . For this reason, preoperative estimation of each patient specific risk for extracapsular disease (ECD), based on epidemiological, clinical and pathological data, would be helpful for the selection of candidates for more aggressive surgical modalities, like neurovascular bundle wide excision, during radical prostatectomy (Smith et al., 1996) .
The aim of this study was to analyze several preoperative factors and evaluate their predictive potential for ECD in patients undergoing radical prostatectomy for clinically localized PCa.
Material and Methods
We performed a retrospective analysis of the medical records from patients who undergone a radical prostatectomy with the diagnosis of organ-confined PCa from January of 2001 until November of 2010. The study protocol had been approved by Ethics Committee of our institution and it conformed to the provisions of the Declaration of Helsinki in 1995 (as revised in Edinburgh 2000 . Exclusion criteria from the study was any preoperative therapy for PCa (hormone therapy, radiation therapy) and patients that found to have seminal vesicle invasion (stage T3b) or invasion of adjacent structures like bladder neck and external sphincter (stage T4). Patients diagnosed after transurethral resection of the prostate were excluded. Patients with incomplete medical records were excluded, as well. The analysis comprised preoperative 1 st and 2 nd Gleason pattern and Gleason summary, age, preoperative value of PSA, prostate volume, PSA density, the presence of positive cores for malignancy after prostate biopsy in right (R+) or left (L+) or both (RL+) prostatic lobes and percentage of cancer in biopsy material (% CM).
Preoperative PSA was measured before digital rectal examination, transrectal ultrasound or biopsy. In all patients cancer suspicion, because of PSA elevation, abnormal digital rectal examination or hypoechoic and hypervascular areas in Doppler transrectal ultrasound, was confirmed by transrectal ultrasound biopsy and positive for malignancy histological examination of the obtained cores.
An open retropubic or laparoscopic extraperitoneal radical prostatectomy was performed in all patients by 4 experienced surgeons. The surgical specimen was
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sent for pathological examination and a histological report concerning the prostate dimensions, GS and 1 st and 2 nd pattern and pathological stage was obtained. As stage T3a was considered disease extension outside of the prostate capsule. When the disease had penetrated the prostate capsule but was not extended outside this, the disease was staged as T2c.
Prostate volume was calculated according to the information of the maximum transverse diameter (D1), the maximum anteroposterior diameter (D2) and the maximum longitudinal diameter (D3) and by using the formula D1×D2×D3×π/6 based on the prostate ellipse dimension theory. PSA density was calculated by dividing the preoperative PSA value and prostate volume. Even thought prostate volume was calculated postoperatively according to the prostate dimensions given by the pathologists report, there is a great positive correlation between preoperative (during transrectal ultrasound) and postoperative calculation of prostate volume (Wolff et al., 1995) .
The study design had 5 objectives.
The first one was to analyze the above mentioned parameters as predictors for ECD in the total population of patients. Next, we analyze the same factors and their predictive ability for ECD in patients with PSA ≤10 ng/ml (subgroup 1), in patients with PSA >10 ng/ml (subgroup 2), in patients with preoperative Gleason score ≤6 (subgroup 3) and in patients with preoperative Gleason score ≥7 (subgroup 4).
Statistical analysis
All analyses were performed by using SPSS version 17 (SPSS Inc., Chicago, IL, USA). The descriptive statistics are presented as the mean ± standard deviation (SD) and interquartile range (IQR) for continuous variables and as the absolute and percent frequency for categorical variables.
The normality condition of the numerical variables was studied by means of the Kolmogorov-Smirnov test. None of them had normal distribution. For this reason, the Mann-Whitney test was used to compare means between numerical groups. The chi-square χ 2 test was used for categorical variables. A univariate analysis was performed to identify the predictive significance of age, preoperative PSA, prostate volume, PSA density, preoperative Gleason score, R+, L+, RL+ and % CM in prediction of ECD. A multivariate analysis was performed then for the variables identified as statistically important in univariate analysis, using logistic regression. The same statistical concatenation was used for subgroups data analysis, as well. By using receiver operating curve (ROC curve), the area under the curve (AUC) was derived. The optimal cutoff value and sensitivity and specificity for quantitative variables were estimated by using ROC curve, as well. In case of quantitative variables, cross tabulation was used for calculation of sensitivity (true negative + false negative)] were estimated as well. All tests were 2-tailed with α of p-value of less than 0.05 to be considered as statistically significant.
Results
A total of 187 patients were reviewed finally. Patients' age were ranged from 46-78 years (66.8 ± 6.3, 9). Preoperative PSA value ranged from 3.3-41.8 ng/ml (9.9 ± 5.8, 5.2), PSA density from 0.01-1.85 (0.26 ± 0.24, 0.16) and prostate volume from 7-140 ml (45.34 ± 22.01, 28) . After a median number of 12.00 cores (12.79 ± 6.70, 10) obtained during prostate biopsy procedures, 39 patients (20.9%) had R+, 44 patients (23.5%) had L+ and 104 patients (55.6%) had RL+. The % CM was ranged from 0. 04-90% (26.75 ± 23.43, 31) . Preoperative Gleason score ≤6 was found in 108 patients (57.8%) and 79 patients (42.2%) had Gleason score ≥7. The pathological examination of the surgical specimens revealed that 44 patients (23.5%) had ECD. The characteristics of the patients with and without ECD are seen in Table 1 . A lymphadenectomy procedure was performed in 124 patients (66.3%) and positive lymph node metastasis was observed in 13 of them (10.5%).
In multivariate analysis of the variables found to be statistically significant in univariate analysis (prostate volume, PSA density, R+, RL+, % CM, Gleason score and 1 st pattern of Gleason score), we found that only prostate volume (p=0.028) and RL+ (p=0.034) were significant for prediction of ECD (Table 2) .
By using ROC curve, the AUC for prostate volume and LR+ were 0.666 (p=0.001, 95% CI 0.578-0.753) and 0.686 (p<0.001, 95% CI 0.602-0.770), respectively. Sensitivity and specificity of RL+ to predict ECD were 84.1% and 53.1%, respectively. ROC curve analysis showed that an optimal cut off value for prostate volume is ≤40 ml which is correlated with ECD with 77.3% sensitivity and 52.4% specificity.
Subgroup 1 analysis
One hundred and thirty one patients (70.05%) had PSA ≤10 ng/ml and 25 of them (19.1%) had ECD. In univariate analysis of preoperative variables for prediction of ECD in this group of patients, we found that prostate volume (p=0.001), PSA density (p=0.003), RL+ (p<0.001), R+ (p=0.025), L+ (p=0.042), % CM (p=0.008), Gleason score (p=0.026) and 2 nd Gleason pattern (p=0.031) were statistically significant, while age (p=0.404), PSA (p=0.731) and 1 st Gleason pattern (p=0.098) were not. The multivariate analysis is seen in Table 3 . The only factor found to be significant was RL+ (p=0.005). AUC was 0.737 (p<0.001, 95% CI 0.639-0.836). RL+ can predict ECD in patients with PSA ≤10 ng/ml with 88.0% sensitivity and 59.4% specificity.
Subgroup 2 analysis
Fifty six patients (29.95%) had PSA >10 ng/ml and 19 of them (33.9%) had ECD. Interestingly, as the results of the univariate analysis shown, none of the 9) (Table 3) , only RL+ (p=0.018) was found to be significant in prediction of ECD. AUC was 0.670 (p=0.014, 95% CI 0.554-0.786). Sensitivity and specificity of RL+ to predict ECD in patients with Gleason score ≤6 was 86.4% and 47.7%, respectively. ppv -positive predictive value; npv -negative predictive value; other abbreviations like Table 2 (p=0.003, 95% CI 0.594-0.839) for RL+ and 0.692 (p=0.009, 95% CI 0.569-0.815) for prostate volume. An optimal cutoff for prostate volume was a value ≤40 ml with 81.8% sensitivity and 31.6% specificity. The sensitivity and specificity of RL+ to predict ECD was 81.8% and 49.1%, respectively (Table 4) .
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Subgroup 4 analysis
Discussion
In the era of PSA, the incidence and detection of PCa has increased and more patients with insignificant cancers are operated. Given the fact that a significant number of young patients are undergoing radical prostatectomy, a specific attention has been given in the postoperative functional results, like potency and continence. Radical retropubic prostatectomy with neurovascular bundle preservation was firstly described by Walsh and since then this surgical procedure is widely used worldwide (Walsh et al., 1983) . However, this technique can lead to an increased incidence of positive surgical margin and incomplete excision of advanced disease like in cases of PCa with extracapsular extension. Since the incidence of early biochemical failure and local or distant recurrence is higher in patients with ECD and furthermore, less aggressive techniques, like nerve-sparing radical prostatectomy, can increase the number of positive surgical margins and incomplete tumor excision in patients with pathological T3a disease, preoperative factors that predict the tumor extend are important. Patients that are suspected for ECD may benefit, by a cancer control standpoint, from a wide neurovascular bundle excision. Several variables have been proposed as predictors for ECD. Preoperative PSA found to be a significant predictor for tumor extend (Partin et al., 1993; Cookson et al., 1997; Ogawa et al., 1998) . The incidence of ECD had a linear relationship with PSA increases, as it was confirmed in a study of patients with clinically localized disease (Partin et al., 1993) . In another study of 107 patients, it was reported that PSA level was the strongest predictor for tumor stage and patients with preoperative values <7 ng/ml had significantly higher rates of organ confined disease, while patients with PSA >20 ng/ml were at higher risk for cancer spread outside prostatic capsule (Cookson et al., 1997) . These results suggest that efforts directed toward identifying cancers in patients with early PSA elevations may result in improved rates of organ confined disease. Another study has reported that preoperative PSA with a cutoff value of 17 ng/ml can predict organ confined disease with 90% sensitivity and 70% specificity (Ogawa et al., 1998) . Similar results were found by another 2 studies reported that PSA is one of the most significant variables for ECD (Ravery et al., 2000; Ou et al., 2002) . However, results from our case series have demonstrated that PSA was not a significant predictor for ECD and this was confirmed by multivariate analyses in the whole amount of studied patients and in patients of the 4 subgroups.
High Gleason score is correlated with non-organ confined disease (Wills et al., 1998; Ou et al., 2002; Ozgür et al., 2004) and patients with poorly differentiated tumors have a higher incidence of extracapsular extension and positive margins (Bigg et al., 1990) . Furthermore, in patients with low and moderate grade tumors,
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the neurovascular bundle can be safely preserved on the side without evidence of cancer having obtained at least in 3 biopsy cores (Sanwick et al., 1998) . This was not the case of our study in which Gleason score is not predicting the presence of ECD in none of the analyses performed. Furthermore, we evaluated the role of 1 st and 2 nd Gleason patterns. Although 1 st pattern was statistically significant predictor in univariate analysis in the group of the whole population (p=0.025) and in subgroup of patients with Gleason score ≤6 (p=0.034), this was not confirmed in the multivariate analyses with p values to be 0.390 and 0.838, respectively.
PSA density ≥0.35 has been found to be predictive for ECD in a recent study of 55 patients underwent radical prostatectomy for incidentally found PCa (Ou et al., 2002) . In our study, even though the analyzed patients were not only T1c staged, PSA density could not predict cancer extracapsular extension.
Most of the studies published in the literature are analyzing the impact of prostate biopsy cores histological examination results in prediction of ECD. Mainly, the factors which are considered for analysis are the percentage of cancer in biopsy cores and the number or percentage of cores with cancer. More than 20% of cancer in biopsy material was highly correlated with ECD (Ou et al., 2002) , while it has reported that the length of tissue core invaded by cancer is significant for ECD, as well (Ravery et al., 2000) . Two recent nomograms have been proposed for prediction of ECD (Ohori et al., 2004; Satake et al., 2010) . In both cases, biopsy results (the percent of positive cores and percent of cancer in the biopsy specimen) added in the standard clinical features most commonly used for prediction (PSA, Gleason score and clinical stage). There was an excellent calibration and a significant increase in prediction and discrimination accuracy of the developed models after internal validation. The number of positive biopsy cores may be useful as pretreatment parameter to identify patients with a higher likelihood for organ confined disease (Ogawa et al., 1998; Wills et al., 1998; Ravery et al., 2000; Mortensen et al., 2009 ). In our analysis, although % CM was found to be correlated with ECD in univariate analyses of the whole population (p=0.001) and subgroup 1 (p=0.008) and 4 (p=0.008), no statistically importance was noticed in multivariate analyses (p=0.416, p=0.952, p=0.425, respectively) .
The present study has a number of limitations that should be mentioned. The data collection was made in a retrospective fashion and this is limited the power of the results. A large number of medical records were incomplete and consequently a great number of patients were excluded from the study. Given the fact that the study period was approximately 10 years and surgical experience and concepts have been revolutionized in this time period, the small number of analyzed patients may limiting the significance of the results. Moreover, the procedures have been made by 4 different operators with different surgical experience and philosophy and we believe that inter-operator variability may affect the pathological outcome.
In our study, when we analyzed the predictive accuracy of several preoperative factors in total population of 187 patients, prostate volume (p=0.028) and RL+ (p=0.034) were the only variables found to be significant in multivariate analysis. Similar results were noticed in subgroup of patients with Gleason score ≥7, but in this case RL+ found to be more significant than prostate volume, with p-values of 0.015 and 0.029, respectively. Furthermore, RL+ was the only significant predictor in patients with Gleason score ≤6 (p=0.018) and in patients with PSA ≤10 ng/ml (p=0.005).
Conclusion
Prediction of ECD is extremely important both for patients' selection and for prognosis after radical prostatectomy. Based in our knowledge, this is the first study reporting the significance of prostate volume and the presence of positive for cancer cores from both prostatic lobes in prediction of ECD in patients planned for definitive therapy and these results can be a valuable tool in cases a nerve-sparing radical prostatectomy is planned.
